In order to elucidate the effect of L-ascorbic acid (AsA) on the formation of pyridinoline, a mature crosslink of collagen, its content in cartilage collagen of guinea pigs supplemented with and without AsA in the growing process (4-8 weeks of age) and in the period of maturity (10-14 weeks of age) was examined. The AsA-deficient animals, for four weeks during the growing process, had a significantly higher content of pyridinoline in their collagen than the AsA-supplemented group, indicating that the depletion of AsA induced increasing contents of pyridinoline. On the other hand, in the period of maturity, the pyridinoline content in the collagen decreased with age, whereas no difference between AsA-deficient and -supplemented groups was observed. Based on these results, it is assumed that AsA affects the formation of pyridinoline, especially in the growing period.
. The enzymatic hydroxylation reactions of proline and lysine are also necessary for the production of a stable extracellular matrix and crosslinks in the fibers , respectively (9) . Therefore, it is assumed that AsA participates in the first step of the formation of crosslinks.
In our previous study (10) , we found that the pyridinoline contents of cartilage in guinea pigs increased with growth and decreased after adolescence (after 10 weeks of age), indicating that the age-related changes of pyridinoline in guinea pigs are similar to those in humans. In contrast, there was no decrease of pyridinoline content in rats with age (2) . Guinea pigs are unable to synthesize AsA as well as humans, and AsA contents in serum and tissues of the animals decrease with age. These data suggest that the age-related changes in pyridinoline contents are influenced by the biosynthetic ability of AsA.
In this study, we investigated the effect of AsA on the formation of pyridinoline in cartilage collagen in two age categories of guinea pigs: the growing process and the period of maturity (4-8 and 10-14 weeks of age, respectively).
MATERIALS AND METHODS
Animals and diets. Male albino guinea pigs (Hartley strain) of 3 and 9 weeks of age (initial body weight; 230 and 470g, respectively) were fed a commercial diet (100-150g/kg body wt) for one week to acclimatize them to the new surroundings. At the beginning of the experiment, 24 animals in each age group were randomly divided into AsA-deficient and -supplemented groups. All of the animals were fed AsA-free diets throughout the experimental period. Supplementation of 5mg of AsA/d has been reported to be adequate to maintain the normal health of guinea pigs (11) . In this experiment, the animals in the AsA-supplemented group were orally given 5mg AsA dissolved in 0.9% NaCl solution immediately before administration, while the AsA-deficient group was supplemented with 0.5mL of 0.9% NaCl solution. After two weeks of supplementation, five or six guinea pigs of each group in the growing process (at 6 weeks of age) and in the maturity period (at 12 weeks of age) were dissected. The remaining guinea pigs in these categories were dissected after four weeks of supplementation (at 8 and 14 weeks of age, respectively).
Assay of alkaline phosphatase activity. Alkaline phosphatase activity in serum was determined using the Alkaline PhosphaB-Test kit (Wako Pure Chemical Ind., Osaka, Japan) (12) .
Measurement of AsA. AsA in the tissues and serum was extracted with 5% metaphosphoric acid and determined by a HPLC method described previously (13).
Preparation of tissues for analysis of hydroxyproline and pyridinoline. Hyaline cartilage of the rib samples for analysis was prepared by the method described in our previous paper (10) . For the HPLC analysis, the dry residues of the hydrolysates were dissolved in 2mL of water and filtered through a chromatodisc (pore size 0.45mm).
Determination of collagen. Hydroxyproline content in the resulting hydrol ysates was determined by the method described by Woessner (14).
Determination of pyridinoline. The pyridinoline standard was prepared from bovine Achilles tendon collagen according to a method described by Fujimoto and Moriguchi (15) . Pyridinoline contents of the hydrolysates were determined by HPLC conditions shown in our previous paper (13). The eluate was monitored by fluorescence with excitation at 295nm and emission at 395nm.
Statistical tests. The statistically significant difference between the means of the two groups was evaluated by either Student's t-test or the Cochran-Cox test, depending on whether variances were equal or different. Figure 1 shows the growth curves of guinea pigs administered diets with or without AsA. The body weight of the AsA-supplemented group increased continuously both during the growing process and the period of maturity. AsA-deficient animals in the growing process gradually developed some characteristic symptoms of scurvy, such as lack of appetite, after days 10 and maintained at constant body weight after a slight decrease on day 14 (Fig. 1A) . Moreover, in the period of maturity, there was no significant difference between the body weights of the two groups although the weight of the AsA-deficient group was slightly lower than that of the AsA-supplemented group after day 14 ( Fig. 1B) . Table 1 shows serum alkaline phosphatase activities in both age categories. The activities of the AsA-deficient group at 8, 12 and 16 weeks of age were significantly lower than those of the AsA-supplemented group (p<0.05). Table 2 shows the AsA contents in the adrenals and liver of the guinea pigs. In both age categories, AsA-deficient animals had significantly lower AsA contents in the adrenals and liver than those of AsA-supplemented animals.
The contents of collagen in the cartilage are shown in Table 3 . No statistical significance was observed between the two groups in each age category except for 14-week-old animals. Figure 2 illustrates pyridinoline contents in the cartilage collagen. At 8 weeks of age, the pyridinoline content of the AsA-deficient animals was significantly higher than that of the AsA-supplemented animals (p<0.05). In the period of maturity, pyridinoline decreased with age, but no difference was observed between the two groups.
DISCUSSION
The body weights of the animals supplemented with AsA increased favorably both during the growing process and the period of maturity (Fig. 1) . In contrast, AsA-deficient animals showed no increase in body weight after day 14 during the growing process, although their body weights in the period of maturity gradually increased with age. The changes in body weight of AsA-deficient animals are consistent with those of serum alkaline phosphatase activities ( Table 1) . Depletion of AsA in the growing process affected the body weight gain of guinea pigs more remarkably than lack of AsA in the period of maturity (6) (7) (8) .
We previously reported that, in the process of healing in wounded skin of guinea pigs, supplementation with high amounts of AsA resulted in significant increase in collagen content in wounded tissues followed by early recovery of the skin (8 
